Purpose Over the past decade, a changing spectrum of disease has turned chronic non-communicable diseases (CNCDs) into the leading cause of death worldwide. During the 2015 in China, there were more than 6.6 million deaths from NCDs, which was the highest rate around the world. In the present study, we performed a systematic review to analyze the healthrelated quality of life (HRQoL) according to EQ-5D-3L instrument in patients with different kinds of CNCDs in China. Methods We searched PubMed, Embase, Web of Science, Cochrane Library, VIP, WanFang Data, and CNKI databases up to April 12, 2018, to identify all relevant studies that reported on HRQoL assessed by EQ-5D-3L instrument in Chinese patients with CNCDs. Expert consultation and hand-searching of reference lists from retrieved studies were employed to identify additional references. The variation of mean utility values, EQ-VAS score ranges, and responses for each EQ-5D dimension described in relevant studies were extracted. Results A total of 5027 English-language articles and 618 Chinese-language articles were identified, among which 38 articles met full inclusion criteria. These 38 studies involved 18 kinds of CNCDs. In this review, the health utility for diabetes mellitus ranged from 0.79 to 0.94 (EQ-5D VAS scores from 61.5 to 78. Conclusions EQ-5D-3L is widely used in studies of HRQoL associated with CNCDs in China. Our results suggest that many factors may influence the measurement results of health utilities, including age, gender, sample source, comorbidities, rural/ urban, and EQ-5D-3L value sets.
Introduction
There are more than 1.3 billion people in China, which make almost 1/6 of world's population, and largely contribute to a global patients' community. During the 2015 in China, there were more than 6.6 million deaths from non-communicable Ting Zhou and Haijing Guan are first authors. diseases (NCDs), which was the highest rate around the world [1] . Over the past decade, diseases such as diabetes mellitus (DM), coronary heart disease (CHD), chronic obstructive pulmonary disease (COPD), and hypertension have become the most common chronic diseases. China is the home to largest number of DM patients worldwide. It is estimated that there are currently 109.6 million adults living with DM, while in 2015 there were 1.3 million deaths caused by DM [2] . Furthermore, the economic burden of DM is substantial. In China, healthcare expenditures related to diabetes were 51 billion dollars in 2015, and they are expected to increase to 72 billion dollars by 2040 [2] . According to the fifth national health services survey in China, currently there are approximately 10.2 thousand CHD patients per million people [3] , which is an increase of 34.5% in number of patients from 2008 [4] . COPD is characterized by chronic airflow limitation. It is a progressive lung disease and a leading cause of global death [5] . In China, the prevalence of COPD varies from 5 to 13% [6] . More than one billion people worldwide are diagnosed with hypertension, which is a NCD that causes stroke, heart disease, and kidney failure [7] . The hypertension prevalence rate is 14.3% among the population aged over 35 years or older in China [3] . The burden of disease among the aging population has become more serious than ever. In China, there are more than 0.23 billion people aged over 60, which accounted for 16.7% of the total population in 2016 [8] . The number of elderly people has increased by 29.5% since 2010 [9] . Following the shift from biomedicine model to the biopsycho-social medical model [10] , people have gained a deeper health awareness. Nowadays, the health measurements evaluate the life expectancy, as well as the quality of life (QoL). WHO has defined QoL as "the individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals" [11] . The concept of health-related quality of life (HRQoL) can be interpreted as an indicator of individual's well-being, and as effective pointer of potential health gains that can be brought on by various interventions [12] . The plan for "Healthy China 2030" was approved by the Political Bureau of the Communist Party of China Central Committee in 2016. Health promotion is an important part of national development strategy, and will remain so for at least next 15 years. Meanwhile, the healthcare reform in China is ever more comprehensive, thus improving the HRQoL in the whole population is one of its most important goals.
Patients' health-related preferences have an important role for exploring their disease progression and survival, while health utility can be used to represent individual's preference for a particular health state, which is widely used in health-related research and cost-utility analysis [13] . There are several health utility generic instruments, which mainly include the EuroQol 5-Dimensions (EQ-5D) [14] , Health Utilities Index (HUI) [15] , and Short Form-6 Dimensions (SF-6D) [16] questionnaires. The three-level version EQ-5D questionnaire (EQ-5D-3L) was introduced by EuroQol Group in 1990. EQ-5D-3L has been recommended by both the UK National Institute of Health and Care Excellence (NICE) and China Guidelines for Pharmacoeconomic Evaluations (2011 edition) as a preferred outcome measure tool [17, 18] .
EQ-5D-3L comprises five dimensions, including "Mobility," "Self-Care," "Usual Activities," "Pain/Discomfort," and "Anxiety/Depression." The questionnaire is divided in dimensions, and each dimension has three levels: "have no problems/be not," "have some/moderate problems," "have extremely problems/unable to." Therefore, 3L questionnaire can be used to define 243 kinds of different health states [19] . Based on a value set, we can convert EQ-5D states to a single summary index, namely health utility, which can be used to calculate the Quality-adjusted life years (QALYs). The estimation of EQ-5D-3L value set is based on local people's health preference and is affected by culture, social environment, as well as economic development. Thus, it is necessary to derive country-specific value set for EQ-5D health states. Since 1997, EQ-5D-3L value sets have been estimated by more than 20 countries (China, UK, USA, Korea, Japan, etc.). The questionnaire is currently translated into more than 170 languages, and is widely applied with good reliability and validity in both disease population (diabetes mellitus, hypertension, coronary heart disease, chronic obstructive pneumonia disease, etc.) and general population [20] [21] [22] [23] .
Due to the rising burden of diseases, it is necessary to pay more attention to HRQoL [24] . HRQoL can reveal the comprehensive survival state of a patient, and thus can provide more evidence for decision-makers, especially for chronic non-communicable diseases (CNCDs). In recent years, 3L questionnaire has been widely used in Chinese population with CNCDs to measure HRQoL. However, there is a lack of systematic reviews of these studies. The objective of the present review was to identify the kind of CNCD in China that EQ-5D-3L is mostly used for, as well as the variation of health utilities in different studies involving a specific CNCD.
Methods

Search strategy and selection criteria
We performed a systematic review according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [25] . All relevant studies that reported HRQoL evaluated by EQ-5D-3L questionnaire in Chinese patients with CNCDs were searched in PubMed, Embase, Web of Science, Cochrane Library, VIP, WanFang Data, and CNKI databases up to April 12, 2018 . Search terms included "quality of life," "QoL," "HRQoL," "EQ-5D," "EuroQol," "five dimension," "China," "Chinese," "Randomized Controlled Trial," "RCT," "diseases," and "chronic non-communicable," and they were combined using Boolean logic (details in Appendix Table 3 ). Expert consultation and hand-searching of reference lists from retrieved studies were employed to identify additional references. VIP, WanFang Data, and CNKI are the most commonly used Chinese databases, which covers more than 95% of Chinese literatures, including journal articles, doctoral dissertations, masters' theses, conference papers, reference works, newspapers, patents, and laws.
Following the inclusion criteria, all the studies were cross-sectional researches in Chinese population with CNCDs that were conducted in China, that reported EQ-5D-3L scores about a specific CNCDs with or without comorbidity by applying a value set, and that were full-text available. In this review, CNCDs are defined as "Diseases or conditions that occur in, or are known to affect, individuals over an extensive period of time and for which there are no known causative agents that are transmitted from one affected individual to another." [26] , such as cancer, DM, and COPD. We also included studies where health utility was generated from different country's value set in the same sample. Languages were restricted to English and Chinese. We excluded any study if it was a review, or an abstract that used general population, communicable disease population, non-Chinese population, or Chinese subjects who did not live in China; that was longitudinal survey, intervention effect evaluation; where the only multiple diseases synthetic utility value was reported or there was no utility; and that was unrelated to HRQoL.
Data collection and quality assessment
Preliminary literature screening was performed by two authors independently based on the titles and abstracts. After title/abstract review, full-text articles were reviewed by two investigators to evaluate eligibility of studies for inclusion and to check the bibliography. Two researchers independently conducted data extraction from all included articles using a pre-formulated sheet. Publication details, data sources, sample size (gender), type of disease, mean age, comorbidities, EQ-5D health utilities, EQ-VAS scores, five-dimension results, full health ratio, and value set information were extracted. Disagreement was solved by a further discussion between reviewers. To extract more information, all the results were pooled into a customized sheet when different articles reported HRQoL from the same dataset.
We appraised methodological quality of each study using a 11-item cross-sectional study assessment checklist introduced by Agency for Health Research and Quality (AHRQ) [27] . Each item was assigned one response option from three alternative choices, "Yes/No/Unclear," based on study description. "Yes" for any item equaled one point, while "No" or "Unclear" equaled zero points. AHRQ defined the quality level of each article, and was obtained by adding all the item scores. A total of 0-3 points meant low quality, 4-7 points moderate quality, and over 7 points signified high quality.
Statistical analysis
The variations of mean utility values described in all studies were reported. Besides that, descriptive analysis of EQ-VAS score ranges and response for each EQ-5D dimension were undertook. We conducted all calculations using Microsoft Excel 2013.
Results
A total of 5027 English-language articles and 618 Chineselanguage articles were identified via seven databases, while six additional studies were included after expert consultation and manual review. After checking for duplicates, we screened 3227 papers to assess for eligibility. Among these, 38 articles met the inclusion criteria (Fig. 1) . In total, 18 English-language articles and 20 Chinese-language articles were included in the review analysis. All the included cross-sectional studies were conducted between October 2006 and December 2017 (Table 1) . Besides three studies that included only male patients [60, 63, 65] , all the other studies included both male and female patients. The AHRQ checklist score ranged from 4 to 10 points, median score was 7 points, while mode was 7 (details in Appendix Table 4 ). There was no study of a low quality, while 29 studies were of median quality [29-31, 33-37, 39-42, 45-52, 54, 55, 57-59, 61, 62, 64, 65] and 9 were of high quality [28, 32, 38, 43, 44, 53, 56, 60, 63] .
We extracted HRQoL data on 18 kinds of CNCDs based on EQ-5D-3L from the included studies ( Table 2 ). The diseases were diabetes mellitus (DM), hypertension, coronary heart disease (CHD), chronic obstructive pneumonia disease (COPD), epilepsy, cerebral infarction (CI), stroke, chronic liver diseases (CLD), lung cancer (LC), esophagus cancer (EC), cerebral palsy (CP), rheumatoid arthritis (RA), sarcopenia, atrial fibrillation (AF), Kashin Beck disease (KBD), chronic prostatitis (CPT), visual impairment (VD), and hemophilia.
Diabetes mellitus
In this review, ten studies reported health utilities for diabetes mellitus [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . The extreme values as well as the utility values that ranged from 0.79 to 0.94 were calculated by Japanese value set. However, the study with the highest values [37] was conducted in rural communities and reported a younger mean age (57.2 vs. 63.2 years) without any comorbidity compared to the study that was conducted at a hospital and that described a few serious T2DM comorbidities (hyperlipidemia, cardiovascular disease, and hypertension) with the lowest value [30] . Interestingly, when applied in Chinese value set, the results from Tang's study that included about 415 T2DM patients was 0.84 [31] . The EQ-5D VAS scores were from 61.5 to 78.6 in four studies [28, 29, 31, 32] . The decrease of health utility in DM patients was mainly caused by problems related to "Pain/ Discomfort" and "Anxiety/Depression" dimensions. Hypertension, hyperlipemia, and CHD were the most common DM comorbidities reported by the studies, and the prevalence of DM comorbidities was from 42.6 to 81.5%, thus having a significant influence on HRQoL.
Hypertension
For the patients with hypertension, the utility values ranged from 0.78 to 0.93 in six studies [36, 37, [47] [48] [49] [50] [51] . Japanese value set and UK value set were applied in the hypertension disease population in the studies that reported the highest value [37] and the lowest value [48] , respectively. We found that the study [37] with the highest value reported a younger mean age without any comorbidity compared to the study [48] on patients with hypertension and comorbidities. The EQ-5D VAS scores were from 70.1 to 77.4 in three studies [48] [49] [50] . "Pain/Discomfort" was the dimension with the most problems reported by the patients in three studies [37, 49, 50] .
Coronary heart disease
For the patients with CHD, the utility values ranged from 0.75 to 0.90 in five studies [37] [38] [39] [40] [41] . Two of them were about chronic stable angina (CSA) patients, which was a subgroup of CHD [40, 41] . The extreme values were generated by UK [41] (0.75) and Japanese value set [37] (0.90), respectively. In general, the mean age of CHD patients with highest utility was 57.2 years old and 68.1 years for those with the lowest utility. Moreover, the former was concerned with CHD patients without comorbidity in rural areas [41] , while the latter included more serious CSA patients with comorbidities at hospitals [36] . Chinese and UK values have been separately applied in the same CHD sample in a previous study by Wu et al. [30, 41] , and health utility calculated by Chinese value set [40] (0.78) was a little bit higher compared to UK set [41] (0.75). In terms of EQ-5D VAS scores, they ranged from 71.2 to 77.5 in four studies [38] [39] [40] [41] . "Pain/Discomfort" was the dimension with the most problems reported by CHD patients in two studies [36, 38] , while "Usual Activities" in CSA patients [40, 41] . Prevalence of comorbid hypertension most commonly occurred among CHD patients, followed by DM [37] .
Chronic obstructive pneumonia disease
The health utility values for COPD patients ranged from 0.64 to 0.80 in four studies [36, [42] [43] [44] . The lowest value was calculated by UK value set [43] ; however, the study that reported highest value did not describe the value set applied [44] . Patients with the highest value had a younger mean age and better post-bronchodilator FEV 1 of predicted than the lowest one. Two studies reported that EQ-5D VAS scores were 55.3 [43] and 66.6 [42] , respectively. The decrease of health utility in COPD patients was mainly caused by problems in "Mobility" dimension that were only described in The original data were scaled in 10-point system one study [42] . The prevalence of comorbidities in COPD patients was from 67.5 to 78.9% [42, 43] .
Epilepsy
The health utility values for epilepsy patients ranged from 0.83 to 0.87 in two studies [45, 46] , and both were calculated by UK value set. The patients in the study [46] that reported a higher utility were a little bit younger compared to patients in another study [45] . Besides that, it is possible that disease duration negatively affects the utility, since mean epilepsy duration of 8.5 years was reported in the study with lower value [45] compared to 6.0 years reported by another study [45] . EQ-5D VAS scores were 78.3 [46] and 79.6 [45] , respectively. "Anxiety/Depression" was the most problematic dimension followed by "Pain/Discomfort" [45] .
Cerebral infarction
In terms of health utility for patients with CI, two studies reported the HRQoL [52, 53] . Among these, one included three subgroup analyses based on different types of blood pressure [53] . The utility values and VAS scores were much lower in anti-dipper blood pressure group (0.51/49.7) compared to dipper blood pressure group (0.75/79.0). The decrease of health utility in CI patients was mainly caused by problems in "Mobility" dimension [52] .
Stroke
For the patients with stroke, the health utility ranged from 0.51 to 0.90 in two studies evaluated by Japanese value set [36, 37] . The wide range of utility values for stroke was caused by the variation in mean age, comorbidities, and disease severity, etc. "Pain/Discomfort" was the dimension with most problems followed by "Mobility" [37] . No information was available on EQ-5D VAS score.
Chronic liver disease
The health utility values for patients with CLD differed in disease severity. The values ranged from 0.70 to 0.80 for compensated patients [54, 55] , while it ranged from 0.60 to 0.63 for decompensated patients [54, 55] . When the disease deteriorated to HCC, utility values were from 0.41 to 0.60 [54, 55] , which was lower compared to compensated or decompensated patients. In addition, the health utilities of liver failure were 0.00 [54] which was equal to death. In terms of EQ-5D VAS scores, they ranged from 36.4 [54] (for liver failure) to 58.2 [54] (for compensated) in the study. There were no results on the most problematic dimension in CLD patients.
Other diseases
For the remaining ten diseases [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] , i.e., lung cancer, sarcopenia, and hemophilia, the health utility value for each disease was only reported by one study. Among the ten diseases, cerebral palsy was 0.44 [58] for the utility value which was the lowest one, while the highest one was 0.85 [64] in visually impaired patients. Japanese value set was applied in cerebral palsy patients. In terms of EQ-5D VAS scores, they ranged from 27.3 [58] (cerebral palsy) to 78.8 [60] (sarcopenia). "Pain/Discomfort" or "Anxiety/Depression" was the dimensions that caused most problems according to majority of studies.
Discussion
The present review focused on HRQoL in chronic non-communicable diseases in Chinese population. Over recent years, EQ-5D-3L questionnaire has been increasingly applied in different patient groups in China to measure their health utility values. Among 18 different types of diseases, DM, CHD, COPD, and hypertension are the most common CNCDs in China. Due to the high morbidity and mortality rates from these CNCDs, people have become more than ever concerned about the patients' state of survival and HRQoL.
Patient-reported outcomes are important to health decision-makers. As a generic instrument, EQ-5D can be easily used by patients to report their HRQoL. However, there are variations in health utility values for a specific CNCD among different studies. Given the level of heterogeneity is high regarding patient characteristics and study design, meta-analysis is not an appropriate method to calculate a single index across studies. can be changed by a series of factors, including age, gender, sample source, comorbidities, rural/urban, and value set. In general, the health status deteriorates as people get old. Thus, the utility value decreases with the increasing age. According to previous study, the values in patients with T2DM aged 60 and over (0.83) was lower compared to patients with T2DM who were younger than 60 (0.86) [23] .
In most of the studies that reported on gender-specific health utility values and were included in the present review [28-30, 38, 39, 48, 49, 56, 57] men had a better HRQoL compared to women, e.g., with reference to lung cancer, man had 0.81, whereas woman had 0.76 value [56] . These results are in line with what has observed in the general population that men have a higher mean EQ-5D value score than women [23, 66] .
Besides gender, community-based or hospital-based cross-sectional surveys also have influence on the HRQoL assessment. It is logical to expect that patients in hospital will report more problems compared to stay at home patients. In line with previous statement, Chen et al. [43] conducted a survey to measure health utility in patients with COPD at hospital, while Zhu et al. [36] conducted the same survey in community, and the values have shown to lower in the former sample.
Comorbidity has an important role in the variation of health utility value. In addition to the number of comorbidities, different types of comorbidities can affect health utility values as well. Hypertension, DM, CHD, hyperlipidemia, and stroke are the most common comorbid conditions [28, 30, [36] [37] [38] The HRQoL in patients who do not have comorbidities with other diseases is better compared to the patients with comorbidities. Luo has reported that the value of utility in people only suffering DM was 0.86; however, it dropped to 0.69 when there were other comorbid conditions present [30] . Thus, the value of utility decreases in the presence of other comorbid diseases. In Liang's study [29] , DM patients with one, two, or more than two kinds of comorbidities revealed the utility value of 0.86, 0.83, and 0.81, respectively. Moreover, various comorbidities have different interaction effects on health utility. When patients have different kinds of comorbid conditions, HRQoL may change. According to Wang, patients with CHD and hypertension, and DM or stroke have the utility values of 0.89, 0.87, and 0.85, respectively. Stroke is a serious comorbidity in many diseases [32, 37, 39, 67] .
China is a country with dual economic structure between rural and urban areas [68] Due to the special economic structure, social policy and welfare are different for citizens living in city and countryside, and thus the medical service system and social insurance may have an impact on HRQoL. With reference to the impact of urban/rural context on HRQoL, it is still a matter of some controversy. Chen has reported that EC patients living in rural areas have a higher health utility value compared to those living in urban areas [57] . However, as regards to people with LC, there has been no difference between rural and urban areas [56] . In China, most rural people are covered by "New Rural Cooperative Medical Insurance (NRCMI)," while urban people are covered by "Urban Residents Basic Medical Insurance (URBMI)" and "Urban Employee Basic Medical Insurance (UEBMI)." By the end of 2015, there were approximately 670 million, 377 million, 289 million people enrolled in NRCMI, URBMI, and UEBMI, respectively [69] . However, medical resources are distributed unequally, most of which are allocated in tertiary hospitals in urban areas. Furthermore, larger gap exists in terms of quality of medical services between urban and rural areas. Su et al. [70] compared the effects of NRCMI, URBMI, and UEBMI on HRQoL, and the results showed that the insured people of UEBMI had a higher mean EQ-5D utility score. Besides that, the horizontal inequality index suggested that there existed a higher pro-rich health inequity in NRCMI than urban schemes.
The application of value sets from various countries in the same disease population leads to different results in health utility values. In the same sample of patients with CHD [40] , the values reported by Chinese value set were higher compared to UK value set [41] . The estimations of EQ-5D-3L value sets are based on local people's health preference and are affected by culture, social environment, and economic development. Furthermore, the preference in health might vary across different countries. Time trade-off is the most widely accepted method for estimating a EQ-5D-3L value set. Respondents are asked to imagine a certain health condition described by EQ-5D-3L that would be experienced for a fixed time (e.g., 10 years) and then to compare it with a shorter time in full health. Five countries' value sets (Japan [71] , China [72] , UK [73] , Thailand [74] , USA [75] ) applied in the included studies are showed in Appendix Table 5 . The best ill health state value is 0.961 with Chinese value set, higher than other four countries', which indicates the departure from full health declines less in health state value. "Pain/Discomfort" and "Anxiety/Depression" dimensions have a larger impact on disutility when applied in UK and USA value sets, while "Usual Activities" in Chinese value set. Chinese EQ-5D-3L value set has been estimated in 2014 [72] , and it has shown to be the most appropriate set to use for exploration of the HRQoL in disease or general population in China.
EQ-5D-3L may lead to ceiling effects when measure HRQoL and health decrements may not be sensitive in disease population [76] . Five-level version (EQ-5D-5L) was introduced by EuroQol Group in 2005 [77] to reduce ceiling effects and improve the questionnaire's sensitivity to mild changes in health that cannot be capture by EQ-5D-3L. Both the EQ-5D-3L and EQ-5D-5L comprise the same five dimensions, but EQ-5D-5L is added two more levels in each dimension: "have no problems/be not," "have slight problems/be slightly," "have some/moderate problems," "have severe problems/be severely," "have extremely problems/unable to." Therefore, EQ-5D-5L can define 3125 kinds of different health states. Although new version of EQ-5D questionnaire has some advantages over old version, EQ-5D-5L value sets have only been published since 2016. Chinese EQ-5D-5L value set has recently been estimated in 2017 [78] . The broad application of EQ-5D-5L countryspecific value sets are limited by the publication time. Most of researchers are unfamiliar with the new value sets. In view of this, when conducting a health economic assessment or population survey, researchers are still accustomed to using EQ-5D-3L to measure health utilities.
Compared with other countries' patients, the health utility of European people with T2DM was 0.69 and it was 0.65 in New Zealand and Australia [79, 80] . In general, the HRQoL of Chinese T2DM patients might be better than these countries' T2DM sufferers. A systematic review reported that the utility values of cardiovascular disease patients ranged from 0.24 to 0.90 [81] , and the highest EQ-5D-3L values were reported in people living with CHD. For COPD patients, a meta-analysis reported the utility values were from 0.62 to 0.82 by severity of the disease [82] , and the results were similar to COPD patients in China.
The main limitation of this review is number of studies reporting on each CNCD. Even though 18 different kinds of diseases were included, more than half of the CNCDs were reported separately. Due to the lack of sufficient information on health utility for some of the CNCDs discussed above, it is difficult to get accurate conclusions about the HRQoL in various Chinese population with CNCDs.
The comparison and analysis of HRQoL across different populations with CNCDs is of utmost importance. Utility value is a single index that reflects synthetic information about people's health, and that can provide useful evidence for decisionmakers upon optimizing the allocation of health resources.
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